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Abstract - This paper examines methods for keeping the error 
of three phase current control inside a hexagon and to 
encourage transitions towards the zero error point can be 
achieved using only comparator information. This approach 
addresses some concerns of the chatter mode of simple 
independent phase decisions. The paper reviews options for 
near constant switch frequency operation.  
 
Index Terms- Hysteresis Current Control, three-phase 
Inverter, d-q coordinate, Space Vector, Pulse Width 
Modulation 
 
I. INTRODUCTION 
Most of applications of three-phase voltage source pulse 
width modulated (PWM) converters such as AC drives, 
active power filters, high power factor AC-DC converters, 
uninterruptible power supply and AC power supplies have a 
control structure comprising an internal current feedback 
loop. The performance of the converter largely depends on 
the quality of the applied current control strategy and it is 
one of the most important subjects of modern power 
electronics. The main task of the control scheme in a current 
control PWM converter is to force the currents in a three-
phase AC load to follow the reference signals. By 
comparing the reference signal and instantaneous value of 
the load currents, the current controller generates the 
switching states for the power devices to switch on and off 
in such a way to minimise the error. The current control 
techniques used in voltage source inverters have significant 
roles in three-phase motor drives, grid connections and 
renewable systems. A review of current control techniques 
for the three-phase voltage source PWM converters is 
performed in [5]. Various techniques, different in concept, 
have been described in two main groups: linear and 
nonlinear. The first includes state feedback controllers, and 
predictive techniques with constant switching frequency. 
The second comprises bang-bang (hysteresis, delta 
modulation) controllers and predictive controllers with on-
line optimization. The current control of voltage-fed PWM 
inverters supplying the three-phase ac motors can be 
achieved by means of three main techniques, i.e., ramp 
comparison, predictive control, and hysteresis control. The 
main advantage of the ramp-comparison technique [l], is 
that the inverter switches are operated at a fixed frequency.  
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However, the system response is affected by the stability 
requirements of the feedback loop, which also depend on 
load parameters; thus appreciable phase lag errors may arise 
even in the steady state. Predictive control [2] gives 
optimum performance in terms of both response time and 
accuracy, but it involves non-negligible calculations and 
requires a good knowledge of load parameters. Hysteresis 
control, on the other hand, [3], gives fast response and good 
accuracy. It can be implemented with a minimum of 
hardware and, in principle, does not require knowledge of 
load parameters. However, depending on load conditions, 
switching frequency may vary widely during the 
fundamental period, resulting in irregular inverter operation. 
Hysteresis current control schemes are based on a nonlinear 
feedback loop with two level hysteresis comparators. The 
switching signals are produced when the errors exceed the 
bands. The main advantages of hysteresis current control 
technique are simplicity, outstanding robustness, lack of 
tracking errors, insensitivity to load parameter changes but 
the disadvantages are the  variable switching frequency and, 
for a three- phase, unexpected high switching frequency. 
Very high switching frequency may result if three 
independent controllers are used. The actual current 
waveform is not only determined by the hysteresis control: 
depending on operating conditions, the current slope may 
vary widely and the current peaks may appreciably exceed 
the limits of the hysteresis band. Moreover, high frequency 
and current peaking increase power loss and may affect 
system reliability. To overcome these problems, some 
methods have been proposed, mainly based on the vector-
control concept, which ensure good dynamic response while 
preventing fast commutation cycles. These methods require 
some knowledge of load parameters or an increase in 
hardware complexity [10, 11]. A vector control hysteresis 
current controller for induction motor drives is proposed in 
[4]. Coordination of three phase switches is made in the d-q 
phase plane. In addition to the current error, information of 
the current error derivative is further employed so that one 
can take full advantage of adding the zero voltage vectors 
for reducing the switching frequency. A multivariable 
hysteresis current controller for three-phase inverters is 
presented in [6]. It is shown how the use of a sequential 
design for the multivariable controller can further contribute 
to transistors’ switching frequency reduction, with no 
significant increase in the hardware implementation 
complexity. Several methods have been proposed to 
minimise the switching losses by co-ordination of the phase 
switching using d-q coordinates where the load and 
reference current measurements have to be transferred from 
ABC to d-q coordinates [4, 7]. A study on the double band 
hysteresis current controller of the static synchronous 
compensator used for reactive power compensation on a 
distribution network is reported in [7]. The current control 
using a conventional hysteresis controller has the 
disadvantage to being potentially at high switching 
frequency. In addition, the current error is not strictly 
limited, therefore, to reduce the switching frequency and 
current error, a double-band hysteresis current controller in 
stationary reference frame is proposed. Adaptive hysteresis 
current control techniques are proposed to control the 
switching frequency for power system applications [8, 9]. 
The independent phase hysteresis control as applied to 
systems with no neutral connection is prone to enter a 
chatter mode around the 6 sides of the error hex. For many 
cases the centre of the hex shows no trajectories passing 
which tends to increase switch frequency as well as average 
error. There are some fixes discussed in [11] but these tend 
to rely on definitions of sectors and constraining the 
selection.  
The three phase hysteretic control in [13] used a decision on 
forward, back and NULL selection in DQ space which 
required a transformation to rotating vectors. The current 
approach is to avoid such a transformation. 
The interaction between the phases is a major issue and one 
solution in [14] is to use a replication of a zero sequence 
term to make a phase current measurement available as 
though there was a neutral connected. A three-phase current 
control for low back EMF has been presented in [15] based 
on current errors in abc coordinates. Fig.1 shows space 
vectors and current error band heights in dq coordinates 
where active and zero vectors are selected based on current 
errors in abc coordinate. The aim of this paper is to 
generalize hysteretic control to high order filters which 
complicates the issue of synthesis of an artificial neutral 
current term. The error trajectories are compared with error 
bands but with an added term the exact containment of the 
error is potentially less precise.  
 
(a) 
 
(b) 
Fig.1: (a) six comparators to detect current errors in a three-
phase system (b) active and zero vectors 
II. THREE PHASE DEPARTURES 
In determining what decisions are desirable we will 
examine the options that enable the error trajectories to 
always head inwards from an error boundary. There can be 
a distinct difference between low and high back EMF cases 
so we consider these in turn and normalize with respect to 
the DC bus voltage. 
A. Vector selection for low Vback=0.1  
Fig.2 shows six sides associated with the six active vectors 
which can change a load current in different directions.  
Fig.2: six sides for load current control based on the six 
active vectors 
Fig.3 shows the direction of the current error when applying 
the active state (100) shown as (x) is close to zero and for 
state (101) (+) the angle is close to 60o. . When considering 
the rate of change of the current error we can treat the 
resistance and the rate of change of reference as terms 
adding to create a different effective back EMF. The 
definition of sector changes will depend on the sector of this 
effective back EMF term.  
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(b) 
Fig.3: (a) range of current directions; (b) sector 1 motion 
from origin 
Side1 
Side4 
Side3 
Side2 
Side5 
Side6 
Note the angle in the active drive states (+,x) remains 
roughly constant while in the NULL state (o), the angle is 
180o from the effective back EMF.  
From Fig.4 we see that to leave the sector 1 error boundary 
side 1 we can use the NULL and be sure that the departure 
will be within +/- 30 o of the normal to the boundary. 
Selecting either of the active states will cause the system to 
continue beyond the boundary. 
For the error boundary on side 6, the active (+) state and the 
NULL (o) states both are within +/- 90o of the normal to the 
boundary.  
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(b) 
Fig.4: (a) range of current directions from side 1, (b) set of 
error directions 
 
For the error boundary on side 2 the active 101 (x) state and 
the NULL (o) states both are within +/- 90o of the normal to 
the boundary as shown in Fig.5. 
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Fig.5: range of current directions 
B. Vector selection for Vback=0.9 
We now examine the high back EMF case to determine if a 
common decision process can be achieved.  
As shown in Fig.6 the current change varies strongly with 
the angle of the effective back EMF. The angle between the 
error direction for the two active states is close to 180o, 
which means that the error term will mainly move between 
the Forward and Back directions with little radial 
movement. For lower values of effective back EMF an 
intermediate position would be reached.  
To depart the side 6 boundary both 101 (+) and NULL are 
acceptable as shown in Fig.7. 
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Fig.6: range of current directions 
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(b) 
Fig.7: (a) Angle of current motion directions (b) error 
directions 
Fig.8 and Fig.9 show the only drive which is within the 
range to leave the error sector 1 boundary is NULL and to 
depart the sector 2 boundary both 100 (x) and NULL are 
acceptable. 
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Fig.8: error directions 
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Fig.9: error directions 
III. EFFECTIVE BACK EMF IN SECTOR 1 
In this section, the two active vectors, V1 and V2 and the 
zero vector in sector I, have been selected with different 
back EMF to find maximum and minimum departure 
angles.  
 
Case1: Low back EMF, Vb=0.1 
 
Sec 
tor 
V0 
max 
V0 
min 
V1 
max 
V1 
min 
V2 
max 
V2 
min 
1 29 -29 150 145 -145 -150 
2 -32 -89 90 85 155 150 
3 -92 -149 30 25 95 90 
4 209 152 -30 -35 35 30 
5 149 92 -90 -95 -25 -30 
6 89 32 -150 -155 -85 -90 
Table 1 Angle of departure from normal to sector Vb=0.1 
 
Case2: high back EMF, Vb=0.866 
Sec 
tor 
V0 
max 
V0 
min 
V1 
max 
V1 
min 
V2 
max 
V2 
min 
1 29 -29 140 90 -90 -140 
2 -32 -89 80 30 -150 -200 
3 -92 -149 20 -30 150 100 
4 209 152 -40 -90 90 40 
5 149 92 -100 -150 30 -20 
6 89 32 -160 -210 -30 -80 
Table 2 Angle of departure from normal to sector Vb=0.866 
 
For all ranges of back EMF within modulation limits and 
within the sector, the table shows that the departure can be 
achieved by using the following combination of vectors. 
Fig.10 and Fig.11 show the adjacent vectors of sector 1 
namely NULL, A, B (0,1,2) and the vectors that could be 
used to depart from a boundary. The quality of control is not 
fully defined by just by successful departure and usually the 
closer the departure to the normal vector the better.  
 
Fig.10: definitions of error hex type 1 
 
Fig.11: acceptable controls error hex type 1 
 
Because of the multiple choices available and the difficulty 
of selecting the most normal departure these are not the 
edges used in this paper. Thus, let’s re-do the case with the 
rotated hex.   
 
 
Fig.12: acceptable controls error hex type 2 
 
 
 
Fig.13: definitions of error hex type 2 
 
Case Vb=0.1 
Side 
V0 
max 
V0 
min 
V1 
max 
V1 
min 
V2 
max 
V2 
min 
1 59 2 180 175 -115 -120 
2 -2 -59 120 115 -175 -180 
1 
1 0 
2 2 
0 
1 
0,1 
0 
1,2 
2 
0,2 
Side3 
Side2 
Side1 
Side4 
Side5 
Side6 
Side 4 
 44de 
Side 3 Side 2 
Side 5 Side 6 
Side 1 
3 -62 -119 60 55 125 120 
4 -122 -179 0 -5 65 60 
5 179 122 -60 -65 5 0 
6 119 62 -120 -125 -55 -60 
Table 3 Angle of departure from normal to sector Vb=0.1 
 
Case Vb=0.85 
Side 
V0 
max 
V0 
min 
V1 
max 
V1 
min 
V2 
max 
V2 
min 
1 59 2 172 122 -62 -112 
2 -2 -59 112 62 -122 -172 
3 -62 -119 52 2 178 128 
4 -122 -179 -8 -58 118 68 
5 179 122 -68 -118 58 8 
6 119 62 -128 -178 -2 -52 
Table 4 Angle of departure from normal to sector Vb=0.85 
 
If the normal decisions are made on this basis then the 
trajectories will stay inside the hex. If we are in V1 and hit 
edge 3 or 4 we shift to V6, 1 or 2 switch V0 5 or 6 switch 
V2.  
If in V2 and hit the side which indicates switch to V2 then 
we need to change sectors  
 
Vb 
start 
Vb 
end 
side 
1 
side 
2 
side 
3 
side 
4 
side 
5 
side 
6 
0 60 0 0 1 1 2 2 
60 120 3 0 0 2 2 3 
120 180 4 4 0 0 3 3 
180 240 4 5 5 0 0 4 
240 300 5 5 6 6 0 0 
300 360 0 6 6 1 1 0 
Table 5 Selected switch state on hitting error sides. 
 
 
The following simulations are based on error hex as in 
Fig.12. Fig.14 shows the selected voltage vector where the 
adjacent voltage vector mostly are selected in the defined 
sectors which indicates the optimum active and zero voltage 
selection to minimise the current harmonics and improve 
the switching losses.  
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Fig.14: selected vectors 
 
Fig.15 and Fig.16 show the load currents in abc coordinate 
and load current errors in dq coordinate for a low back 
EMF, respectively.  
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Fig.15: angle tracking 
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Fig.16: error trajectories Vb=0.1 
 
IV. CASE HIGH BACK EMF: 
We need a strong sector memory to avoid chatter. If we are 
in sector 1 and enter NULL=0, then hitting sides 2 or 3 is 
OK we can select 100. 
If we hit sides 4 5 or 6 then the only active drive which can 
take us from the edge is V2 (110) but this is not accessible 
from NULL=0  
 
If we are in sector 1 and enter NULL=7, then hitting sides 
4,5 or 6 is OK we can select V2=110. 
If we hit sides 2 or 3 then the only active drive which can 
take us from the edge is V1 (100) but this is not accessible 
from NULL=7  
For good performance we need to  
• increase the probability of entry to NULL from V2 
if Vb is near end of sector.  
• Increase probability of entry to NULL from V1 if 
Vb near beginning of sector 
This increased entry to NULL can be achieved the selection 
of which edges generate a NULL outcome. We use the error 
bound ab bc ca to set the thresholds and for 10ms of 
tracking we get the current seen in Fig 17. This pattern 
shows little of the frequency variation normally seen in 
single phase hysteresis controls.  
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Fig.17: current trajectories Vb=0..85 
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Fig.18: error trajectories Vb=0.85 
 
V. HIGHER ORDER FILTERS  
As used in [16] a feedback of a combination of states is 
required to ensure stability for systems higher than first 
order. This combination of states can be implemented in an 
error sawtooth fashion quite satisfactorily. The three phase 
three wire hysteretic implementation of the control for 
higher order systems requires techniques to avoid the 
chattering.  The computation of the exact value of the 
neutral current that would have flowed is reasonably 
accessible for first order systems [14] achieves a separation 
between the control of phases but at two costs. There is a 
high common mode term for the phase decisions arising 
from the neutral voltage simulation which can expand the 
error levels in each phase beyond the expected hysteresis 
band. The other cost particularly for high order systems is 
the computation cost while the schemes proposed here can 
be implemented in analog comparators and a programmable 
logic device. Where precise current tracking is required, 
model based predictive current controllers can achieve near 
dead-beat performance. Where low cost high speed control 
is important then this paper provides a structure for a three 
phase hysteretic control approach.  
 
VI. CONCLUSIONS 
The selection of the switch states for 3 phase hysteretic 
control gives near constant switch frequency and avoids 
chattering in uncoordinated controllers. The advantage of 
hysteretic controls is that the computational effort is very 
low and can be implemented without any A/D conversion.  
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